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1. Introduction 
In fungi, cysteine can be synthesized from O-acetyl- 
serine or from homocysteine [ 11. The second pathway 
can be regarded as de novo synthesis of cysteine, if 
homocysteine is synthesized directly from U-acetyl- 
homoserine by homocysteine synthase (fig. 1). This 
activity was described in Saccharomyces cerevisiae 
[2], Neurospora crassa [3], Saccharomycopsis lipo- 
lytica [4] and Aspergillus nidulans [5,6], but only in 
the latter organism was unequivocal evidence obtained 
that cysteine can be synthesized de novo by both 
pathways [7]. In S. cerevisiae it was shown that the 
activities of cysteine and homocysteine synthase are 
attributes of one enzyme protein [S]. The same holds 
for S. Zipolytica ([9] and unpublished). The existence 
of a bifunctional enzyme catalyzing steps 2 and 3 
(see fig.1) does not allow one to evaluate the physio- 
logical significance of both reactions, as mutations 
affecting this enzyme abolish both activities [lo]. 
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Fig.1. Pathways of cysteine biosynthesis in Saccharomycopsis 
lipolytica. Metabolic blocks in cysA and mecB mutants are 
indicated. (1) Serine acetyltransferase (EC 2.3.1.30); (2) 
cysteine synthase (EC 4.2.99.8); (3) homocysteine synthase 
(EC 4.2.99.10); (4) cystathionine p-synthase (EC 2.1.22); 
(5) y-cystathionase (EC 4.4.1.1). 
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We have shown [4] that the mutant mecB1, 
impaired in y-cystathionase (steps 5) is a prototroph, 
which confirms that cysteine can be synthesized in vivo 
from 0-acetylserine. Here we present evidence that 
the block in 0-acetylserine formation (step 1) does 
not lead to auxotrophy when the homocysteine to 
cysteine pathway is functioning. Therefore it is clear 
that in S. Zipoly tica there are two pathways for 
de novo cysteine synthesis, and both have to be 
simultaneously impaired to cause cysteine auxotrophy. 
2. Materials and methods 
The wild type Sl-1 and hisl,mecBl strain devoid 
of y-cystathionase activity were as in [4]. Minimal Go 
medium was that in [ 111. In the modified Go-S 
medium the amount of sulphate was reduced to 2 mM. 
Culture conditions, enzyme preparations, deter- 
mination of 35S-labelled amino acid pools and 
extraction procedures were essentially as in [4] with 
the modifications indicated in the text. Identification 
of labelled compounds was performed by thin-layer 
chromatography and high-voltage electrophoresis as 
in [6]. 
The activity of cysteine synthase (EC 4.2.99.8) 
and cystathionine-fl-synthase (EC 2.1.22) were assayed 
as in [ 121. Homocysteine synthase (EC 4.2.99.10) and 
y-cystathionase (EC 4.4.1 .l) were determined by the 
method in [5,6]. Serine acetyltransferase (EC 2.3.1.30) 
was estimated according to [ 131: 0-acetyl-L-[‘4C] - 
serine was separated from the unreacted L- [ 14C] -
serine by thin-layer chromatography on MN-300 
cellulose using butanol:acetic acid:H,O (120:30:50). 
Protein content was determined by the Lowry method 
[141. 
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3. Results 
The cysteine requiring auxotroph mecBl,cysAl 
was obtained by ultraviolet mutagenesis of strain 
mecB1. It grows on cysteine as well as on O-acetyl- 
serine which suggested a block in seririe acetyltrans- 
ferase (step 1). We have attempted to assay this 
enzyme but most of our extracts were completely 
inactive. The activity of serine acetyltransferase in 
the mutant was lower by a factor of -10 compared 
with the wild-type strain. 
The analysis of 35S-labelled amino acid pools 
provides convincing data that both pathways of 
cysteine synthesis are impaired in mecBl,cysAl 
strain (table 1, expt 2). As expected (fig.1) in the 
double mutant only trace amounts of radioactive 
cysteine and glutathione are formed while synthesis 
of cystathionine and methionine remains unaffected. 
This strain was crossed with the wild type in order to 
check if cysAZ segregants are prototrophs. Unfortu- 
nately in all tetrads isolated only one spore germinated 
so it was impossible to examine the marker segrega- 
tion. Therefore we mutagenised the mecBl,cysAl 
strain and isolated cysteine prototrophs. They 
appeared at a frequency of 2 X 10m3 of surviving 
cells: 3% of them were identified as revertants of the 
mecB1 mutation. The rest of the revertants carried 
the mecB1 mutation as was demonstrated by a failure 
to grow on methionine in the presence of selenate 
[6]. Therefore these strains were revertants of cysAl 
or carried a suppressor of this mutation. In either case 
they were able to synthesize cysteine independently 
of homocysteine. It is unlikely that the strains identi- 
tied as mecB1 revertants result from simultaneous 
reversion of both mutations as the expected frequency 
of such an event is of the order 1 X 1 Oe9 while rever- 
tants ofmecB1 appeared with the frequency of 
6 X lo-‘. The results of enzymatic examination of 
mecBlrevl, cysA1 are presented in table 2. This strain 
shows -50% of the wild-type activity of y-cysta- 
thionase and is able to synthesize cysteine and gluta- 
thione (table 1). 
It is noteworthy that in the strain mecB1 levels of 
homocysteine and cystathionine are markedly elevated, 
whereas the amount of glutathione is slightly reduced, 
which coincides with a derepression of cysteine and 
homocysteine synthase (table 2). In the revertant 
mecBlreV1,cysAl pools ofhomocysteine and cysteine 
are slightly elevated as compared with the wild-type, 
the pool of glutathione is lower and comparable to 
that found in mecB1. On the other hand the revertant 
differs both from the wild-type and mecBl strains in 
its growth pattern (fig.2). Particularly striking is the 
long lag phase. This behaviour is not easily explained 
by the differences in the pools of sulfur amino acids, 
and therefore is probably associated with the cysA1 
mutation. 
The fact that mutant mecB1 impaired in y-cysta- 
Table 1 
The pool of 35S-labelled amino acids in the wild-type and mutant strains of 
Saccharomycopsis lipolytica 
Relevent 
genotype 
Cysteine Homo- 
cysteine 
Gluta- Cysta- 
thione thionine 
(nmol/g dry wt) 
Methio- 
nine 
Total 
Expt la 
WT 208.8 47.8 2832.3 235.1 235.2 4686.4 
mecB1 456.2 614.7 1680.5 3840.0 283.4 16194.7 
mecBlrevl,cysAI 252.0 82.4 1665.1 382.6 266.0 6086.5 
Expt 2b 
WT 197.9 92.8 1869.0 216.1 220.2 2968.0 
mecB1 ,cysAl 21.0 101.8 79.9 871.0 107.7 1314.0 
a Growth on the Go-S medium containing Na, 35S0, (5 X lo* cpm/mmol) at 30°C for 18 h 
b Growth on the Go medium containing L-cysteine (0.1 mM) at 30°C for 18 h. The cells were 
collected, washed with Go-Smedium, resuspended in the same medium containing Na, “‘SO,, 
incubated for a further 6 h and harvested for determination of the ‘%-labelled amino acid pool 
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Table 2 
Activities of cysteine and homocysteine biosynthetic enzymes in wild type and 
mutant strains of Saccharomycopsis lipolytica 
Relevent yCysta- 
genotype thionase 
Cystathionine Cysteine 
P-synthase synthase 
Homocysteine 
synthase 
May 1979 
WT 3.96 15.2 75.6 242.9 
mecB1 0.01 15.5 119.2 373.5 
mecBl,cysAI 0.01 11.2 41.7 271.0 
mecBlreV1,cysAI 2.10 12.7 154.5 418.0 
The cells were grown in Go medium (in the case of mecBl,cysAl supplemented 
with 0.1 mM L-cysteine) at 30°C for 18 h and collected for the assay of enzymes. 
Activity is expressed in nmol/min/mg protein 
thionase accumulates large amounts of cystathionine 
and homocysteine suggests that at least part of the 
cysteine is normally synthesized from homocysteine. 
This accumulation is not correlated with the increase 
in the cystathionine-/I-synthase activity and implies 
therefore that the pool of cystathionine depends on 
the cellular content of homocysteine. It is interesting 
that the pool of methionine is not changed under 
these conditions indicating that an excess of homo- 
cysteine is metabolised to cystathionine. 
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Fig.2. Growth of thewild-type,mecBl andmecBlreV1,cysAl 
strains in Go medium. The cultures were grown on a rotary 
shaker at 30°C. 
In the mecB1 mutant the total pool of cysteine 
and glutathione is only slightly reduced. Cysteine 
and/or glutathione was shown to be involved in the 
regulation of cysteine and homocysteine synthase 
[ 151 but it seems doubtful that the observed reduc- 
tion of the pool of these amino acids could be 
responsible for derepression of the enzyme. An 
alternative hypothesis is that there are two different 
pools of cysteine and/or glutathione and only one of 
them, that derived from homocysteine, is involved 
in the regulation of enzyme synthesis. It may be 
recalled that two separate pools of cysteine were 
found in Chlorella [ 161. 
Acknowledgements 
This work was supported by the Polish Academy 
of Sciences within the project 09.7.2. 
References 
[l] Flavin, M. (1975) in: Metabolism of sulfur compounds, 
pp. 457-503, Academic Press, London, New York. 
[2] Cherest, H., Eichler, F. and de Robichon-Szulmajster, H. 
(1969) J. Bacterial. 97, 328-336. 
[ 31 Wiebers, J. L. and Garner, H. R. (1967) J. Biol. Chem. 
242,5644-5649. 
[4] Morzycka, E., Sawnor-Korszyr’rska, D., Paszewski, A., 
Grabski, J. and Raczynska-Bojanowska, K. (1976) 
J. App. Envir. Microbial. 32, 125-130. 
[5] Paszewski, A. and Grabski, J. (1973) Acta Biochim. 
Polon. 20, 159-168. 
[6] Paszewski, A. and Grabski, J. (1974) Mol. Gen. Genet. 
132,307-320. 
99 
Volume 101, number 1 FEBS LETTERS May 1979 
171 Pieni@ek, N. J., Bal, J., Balbin, E. and Stcpieft, P. P. 
(1974) Mol. Gen. Genet. 132,363-366. 
[8] Yamagata, S., Takeshima, K. and Naiki, N. (19’74) 
J. Biochem. 75,1021-1029. 
[9] Paszewski, A. and Grabski, J. (1976) Acta Biochim. 
Polon. 23,321-324. 
[IO] Yamagata, S., Takeshima, K. and Naiki, N. (1975) 
J. Biochem. 77, 1029-1036. 
[ll] Galzy, P. and Wnimski, P. (1957) C. R. Acad. Sci. 
Paris 245, 2423-2426. 
[ 121 Pieni;tiek, N. J., Stcpien, P. P. and Paszewski, A. (1973) 
Biochim. Biophys. Acta 297, 37-47. 
[ 131 Nag& S. and Kerr, D. (1971) Methods Enzymol. 7B, 
442-445. 
[14] Lowry, H., Rosenbrough, N. J., Fart, A. L. and 
Randall, R. J. (1951) J. BioI. Chem. 193, 265-275. 
[15] Morzycka, E. and Paszewski, A. (1978) Abstr. VI Int. 
Spec. Symp. Yeast, July 2-8, MontpeJlier, France. 
[ 161 Giovanelli, .I., Mudd, S. H. and Datko, A. H. (1978) 
J. Biol. Chem. 253,5665-5677. 
100 
